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Method for Controlling a Welding Process and Welding Apparatus 
for Carrying out a Welding Process 

The invention relates to a method for controlling a welding 
process or a welding current source using a consumable elec- 
trode, in which a welding process adjusted on the basis of sev- 
eral different welding parameters and controlled by a control 
device is carried out by a welding current source after the ig- 
nition of an electric arc. 

The invention further relates to a welding apparatus includ- 
ing a welding current source, a control device and a welding 
torch, wherein different welding parameters are adjustable via 
an input and/or output device provided on the welding apparatus, 
or via a remote controller. 

In the known welding processes, all parameters are adjust- 
able via an input and/or output device provided on the welding 
apparatus. In doing so, an appropriate welding process such as, 
for instance, a pulse welding process or a spray- arc welding 
process or a short-arc welding process is selected and the pa- 
rameters are adjusted accordingly. In addition, it is frequently 
also possible to select an appropriate ignition process for ig- 
niting the electric arc. If the welding procedure is then 
started, the adjusted welding process, for instance a pulse 
welding process, will be carried out upon ignition of the elec- 
tric arc by the adjusted ignition process. In doing so, it is 
possible to vary the different parameters such as, for instance, 
welding current, wire advance speed etc., for this selected 
welding process during the welding procedure. Switching to an- 
other welding process, for instance a spray- arc welding process, 
is, however, not feasible. In that case, the just performed 
welding process, for instance a pulse welding process, must be 
interrupted and another welding process, for instance a spray- 
arc welding process, must be initiated by accordingly making a 
new selection or adjustment at the welding apparatus. 

US 2002/153363 Al relates to a welding method that allows 
even extremely narrow welding gaps to be optimally bridged and 
good welding qualities to be achieved. To this end, the melting 
rate of the welding wire in respect to the conveying speed is 
changed to enable the control of the heat distribution of the 
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changing the welding parameters such as the welding current or 
the wire conveying speed. 

US 6,515,259 Bl is directed to a welding method for alumi- 
num, in which the heat of the electric arc is controlled via 
welding parameters such as the pulse form, pulse width or lead- 
ing edge of the welding current. This serves to improve the 
welding quality in aluminum welding. 

Finally, JP 04-197579 A discloses a welding method in which > 
preheating of the material by a current fed through the welding 
wire takes place in the starting phase prior to the generation 
of the electric arc. The described method merely refers to the 
starting phase of the welding process. 

It is the object of the present invention to provide an 
above-mentioned method for controlling a welding process and a 
welding current source, respectively, which enables the adjust- 
ment and/or control of the heat balance for the introduction of 
heat into the workpiece . 

Another object of the present invention resides in providing 
an above-mentioned welding apparatus, which enables -the adjust- 
ment and/or control of the heat balance for the introduction of 
heat into the workpiece . 

The first object of the invention is achieved in that at 
least two different welding process phases having different en- 
ergy inputs resulting from different material transitions and/or 
electric arc types are cyclically combined during the welding 
process to influence or control the heat balance and, in par- 
ticular, the heat input into the workpiece to be worked. The ad- 
vantage resides in that the selective cyclic combination of the 
most different welding process phases allows the control of the 
heat balance and, in particular, the input of heat into the 
workpiece. Thus, a welding process phase comprising, for in- 
stance, several pulses of a pulse welding process may be fol- 
lowed by a welding process phase of a cold-metal- transfer weld- 
ing process, in which the welding wire is moved until contacting 
the workpiece, i.e. the melt bath, and the droplet detachment 
occurs at a retraction of the welding wire from the melt bath. 
During this cold-metal- transfer welding phase, substantially 
less energy and, hence, a lower welding temperature are, thus, 
introduced into the workpiece, i.e. the melt bath, than has been 
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being comprised of different welding process phases which are 
cyclically combined or alternated, the heat balance and, in par- 
ticular, the heat input into the workpiece can be controlled. By 
a reduced heat input into the workpiece, particularly sheet met- 
als to be welded, the distortion of a workpiece will, for in- 
stance, be substantially reduced. Another advantage resides in 
that the welding process can be adapted to the workpiece re- 
quirements in an optimum manner by the user due to the heat in- 
put being adjustable via the welding installation. 

In this respect, the different welding process phases during 
a welding process are, in particular, comprised of at least one 
welding process phase having a high energy input and one welding 
process phase having a low energy input, which are cyclically 
combined. The heat balance can, thus, be selectively controlled. 

However, the configurations according to claims 3 to 5, ac- 
cording to which the welding process phases are comprised of 
commercially available welding processes and the simple control 
of the heat balance is feasible by applying a special welding 
process phase having a low energy and heat input, are advanta- 
geous too . 

Yet, the configurations according to claims 6 to 8 are also 
advantageous, allowing a substantial reduction of the heat input 
into the workpiece by applying a cold-metal- transfer welding 
phase . 

The advantage of the configuration according to claims 9 and 
10 resides in that the ratio of the different welding process 
phases of the welding method according to the invention, i.e. 
the duration of a welding phase and/or the number of pulses in a 
welding phase, can be automatically varied by the control device 
as a function of the required heat input. With a larger sheet 
thickness of the workpiece, for instance, the ratio can be 
changed such that the welding process phase having a higher en- 
ergy input is adjusted accordingly higher than with a workpiece 
having a smaller thickness. 

Yet, also the configuration according to claims 11 to 13 is 
advantageous, since it enables the direct adjustment of the heat 
balance for the welding process by the user. 

Also of advantage is the configuration according to claim 
14, which uses a method known from the prior art, namely the so- 
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ignite the electric arc. By such a contact ignition, the welding 
wire is placed on the workpiece and subsequently slightly lifted 
while connecting the welding current so as to cause the electric 
arc to ignite. 

The variant according to claim 15 ensures the stabilization 
of the electric arc in a simple manner. 

The advantage of the configuration according to claim 16 re- 
sides in that is provides cooling of the workpiece during the 
cold-metal-transfer welding phase, thus substantially reducing 
the overall heat input into the workpiece over the entire weld- 
ing period. 

A configuration according to claim 17 is, however, also ad- 
vantageous, since it ensures a substantial acceleration of the 
welding process. In this manner, an implementation without a 
considerable time lag is, for instance, feasible in a base cur- 
rent phase of a pulse welding process. 

The object of the invention is further achieved by an above- 
mentioned welding apparatus, wherein at least one parameter for 
the heat balance or the heat input into the workpiece to be 
worked is selectable at the input and/or output device of the 
welding apparatus and/or a remote controller, and/or an adjust- 
ment element is provided for the adjustment of the heat balance 
or heat input into the workpiece to be worked, via a cyclic com- 
bination of at least two welding process phases having different 
energy inputs. 

Further advantageous configurations are described in claims 
19 to 29. The advantages resulting therefrom are apparent from 
the description and the previously described claims 1 to 17. 

In the following, the invention will be explained in more 
detail by way of the attached drawings. Therein: 

Fig. 1 is a schematic illustration of a welding machine or 
welding apparatus; 

Fig. 2 illustrates the time history of the welding voltage 
of an example of the welding process according to the invention; 

Fig. 3 illustrates the time history of the welding current 
for the welding voltage according to Fig. 2; 

Fig. 4 illustrates the time history of the speed V of the 
welding wire in correspondence with the welding voltage course 
according to Fig. 2; 
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wire relative to the workpiece as a function of the time t in 
correspondence with the welding voltage according to Fig. 2; 

Fig. 6 shows the time history of the welding voltage U for 
another welding process configuration; 

Fig. 7 shows the associated time history of the welding cur- 
rent I ; 

Fig. 8 shows the associated time history of the welding wire 
speed; 

Fig. 9 illustrates the associated schematic position of the 
welding wire relative to the workpiece as a function of time; 
and 

Fig. 10 shows the input and/or output device of a welding 
apparatus according to the invention. 

Fig. 1 depicts a welding apparatus 1, or welding installa- 
tion, for various processes or methods such as, e.g., MIG/MAG 
welding or WIG/TIG welding, or electrode welding methods, dou- 
ble-wire/tandem welding methods, plasma or soldering methods 
etc . 

The welding apparatus 1 comprises a power source 2 including 
a power element 3, a control device 4, and a switch member 5 as- 
sociated with the power element 3 and control device 4, respec- 
tively. The switch member 5 and the control device 4 are con- 
nected with a control valve 6 arranged in a feed line 7 for a 
gas 8 and, in particular, a protective gas such as, for in- 
stance, carbon dioxide, helium or argon and the like, between a 
gas reservoir 9 and a welding torch 10 or torch. 

In addition, a wire feeder 11 usually employed in MIG/MAG 
welding can be controlled by the control device 4, whereby an 
additional material or welding wire 13 is fed from a feed drum 
14 or wire coil into the region of the welding torch 10 via a 
feed line 12. It is, of course, possible to integrate the wire 
feeder 11 in the welding apparatus 1 and, in particular, its ba- 
sic housing, as is known from the prior art, rather than design- 
ing the same as an accessory device as illustrated in Fig. 1. 

It is also feasible for the wire feeder 11 to feed the weld- 
ing wire 13, or additional material, to the process site out- 
side of the welding torch 10, to which end a non- consumable 
electrode is preferably arranged within the welding torch 10, as 
is usually the case with WIG/TIG welding. 
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ticular an operating electric arc, between the electrode and a 
workpiece 16 is supplied from the power element 3 of the power 
source 2 to the welding torch 10, in particular electrode, via a 
welding line 17, wherein the workpiece 16 to be welded, which is 
formed of several parts, is likewise connected with the welding 
apparatus 1 and, in particular, power source 2 via a further 
welding line 18, thus enabling a power circuit for a process to 
build up over the electric arc 15, or plasma jet formed. 

To provide cooling of the welding torch 10, the welding 
torch 10 can be connected to a fluid reservoir, in particular a 
water reservoir 21, by a cooling circuit 19 via an interposed 
flow control 20, whereby the cooling circuit 19 and, in particu- 
lar, a fluid pump used for a fluid contained in the water reser- 
voir 21, is started as the welding torch 10 is put into opera- 
tion so as to effect cooling of the welding torch 10. 

The welding apparatus 1 further comprises an input and/or 
output device 22, via which the most different welding parame- 
ters, operating modes or welding programs of the welding appara- 
tus 1 can be set and called, respectively. In doing so, the 
welding parameters, operating modes or welding programs set via 
the input and/or output device 22 are transmitted to the control 
device 4, which subsequently controls the individual components 
of the welding installation or welding apparatus 1 and/or prede- 
termines the respective set values for controlling. 

In the exemplary embodiment illustrated, the welding torch 
10 is, furthermore, connected with the welding apparatus 1 or 
welding installation via a hose package 23. In the hose package 
23, the individual lines from the welding apparatus 1 to the 
welding torch 10 are arranged. The hose package 23 is connected 
with the welding torch 10 via a coupling device 24, whereas the 
individual lines arranged in the hose package 23 are connected 
with the individual connections of the welding apparatus 1 via 
connection sockets or plug- in connections. In order to ensure an 
appropriate strain relief of the hose package 23, the hose pack- 
age 23 is connected with a housing 26, in particular the basic 
housing of the welding apparatus 1, via a strain relief means 
25. It is, of course, also possible to use the coupling device 
24 for connection to the welding apparatus 1. 

It should basically be noted that not all of the previously 



various welding methods or welding apparatus 1 such as, e.g., 
WIG devices or MIG/MAG apparatus or plasma devices. Thus, it is, 
for instance, feasible to devise the welding torch 10 as an air- 
cooled welding torch 10. 

Figs. 2 to 5 schematically depict an exemplary embodiment of 
a welding process according to the invention, which is comprised 
of a cyclic combination, or alternation, of a common welding 
process phase, particularly pulse current phase, with a cold- 
metal-transfer phase. During the cold-metal- transfer phase, 
droplet detachment from the welding wire 13 likewise occurs. 
Fig. 2 shows the time history of the welding voltage U, Fig. 3 
the time history of the welding current I, Fig. 4 the time his- 
tory of the speed V of the welding wire 13, and Fig. 5 the sche- 
matic position of the welding wire 13 relative to the workpiece 
16 as a function of the time t. 

The starting procedure of the welding process according to 
the invention for igniting the electric arc 15 is, for instance, 
realized by what is called the lift-arc principle 26a. Thus, 
when starting the ignition procedure, the welding wire 13 is 
moved in the direction towards the workpiece 16 while, at the 
same time, a limitedly increased welding wire I is applied to 
prevent an incipient melting of the welding wire 13 on the work- 
piece 16 at the first-time contact. At the first- time contact, 
i.e. at a short circuit, the welding current I is, for instance, 
once again increased to again prevent an incipient melting of 
the welding wire 13 . During the backward movement of the welding 
wire 13, an electric arc 15 is generated as the former is lifted 
off the workpiece 16, and the welding wire 13 is moved to a pre- 
determined distance from the workpiece 16 with a reversal of the 
wire conveying direction being effected once again. 

After the ignition of the electric arc 15 it is also feasi- 
ble, prior to the welding process proper, to carry out a first, 
short process phase 2 6b with an elevated energy input over a de- 
fined period and subsequently realize the welding process com- 
prised of cyclically combined welding process phases. Hence re- 
sults the advantage that this short process phase 26b with an 
elevated energy input causes the electric arc 15 to stabilize. 
Moreover, the welding wire 13 is heated by the ignition process, 
and the subsequent welding process can, therefore, be started 
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hance the welding quality. 

In the welding process according to the invention it is es- 
sential that the heat balance, in particular the heat input into 
a workpiece 16, is influenced and controlled by the cyclic com- 
bination of at least two different welding process phases com- 
prising different material transitions and/or electric arc 
types. In said welding process, a welding process phase having a 
high energy input alternates with a welding process phase having 
a low energy input, in particular a cold-metal -transfer phase, 
in order to selectively control and influence the heat balance 
of the workpiece 16 . 

In the illustrated exemplary embodiment of the welding proc- 
ess according to Figs. 2 to 5, a pulse current phase 27 is cy- 
clically combined with a cold-metal- transfer phase 28. No de- 
tailed description of the pulse current phase 27 is given, since 
this is already known from the prior art. It should merely be 
mentioned that the pulse current phase 27 effects a droplet de- 
tachment from the welding wire 13 by the application of a cur- 
rent pulse and subsequently merges into the base current .phase 
35. Especially the use of the cyclic combination of a pulse cur- 
rent phase 27 with a cold-metal- transfer phase 28 enables the 
cold-metal-transfer phase 28 to be performed in the base current 
phase 35 of the pulse current phase, which means that the weld- 
ing current I is lowered after the droplet detachment by the 
pulse current phase 2 7 and merges into the base current phase 
35, after which the cold-metal- transfer phase 28 will then be 
carried out in the base current phase 35, whereupon a transition 
into the pulse current phase 27 will again take place. 

As will be described in more detail below by way of Figs. 6 
to 9, it is possible to realize the cyclic combination of the 
different welding process phases by several consecutive, identi- 
cal welding process phases of a welding process, for instance 
the pulse current phase, and carry out the at least one further 
welding process phase, for instance the cold-metal -transfer 
phase 28, once, or several consecutive times, only at a pregiven 
time. 

During the cold-metal- transfer phase 28, the welding wire 13 
is moved from a starting position, i.e. distance 30, in the di- 
rection towards the workpiece 16, as is apparent starting from 
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workpiece 16 until contacting the workpiece 16 at time 31. After 
having created a short circuit, the wire conveyance is reversed 
and the welding wire 13 is again moved away from the workpiece 
16 as far as to the predefined distance 30, which is preferably 
the starting position. In order to induce the formation of a 
droplet or the incipient melting of the end of the welding wire 
during the cold-metal -transfer phase 2 8 by carrying out the 
process during the base current phase 3 5 in the pulse welding 
process, the welding current I is changed, particularly in- 
creased, relative to the base current of the base current phase 
3 5 during the forward movement of the welding wire 13 in the di- 
rection towards the workpiece 16, as is apparent at time 29. At 
an alternation of the cold-metal- transfer phase 28 with another 
welding process phase, the current I is controlled such that in- 
cipient melting will be caused at a forward movement of the 
welding wire 13 . By the welding wire 13 being immersed into the 
melt bath and moved rearwards after this, the droplet 32, or 
slightly melted material, is detached from the welding wire 13 
(not illustrated) . In this case, it is, of course, also possible 
to effect a pulse-like increase in the welding wire I in order 
to promote droplet detachment . 

It is, furthermore, feasible to change, particularly in- 
crease, the wire advance speed V during the cold-metal transfer 
phase 28 in order to ensure the rapid execution of the welding 
process in the cold-metal-transfer phase 28. 

To sum up, the welding process in the exemplary embodiment 
according to Figs. 2 to 5 proceeds in a manner that the pulse 
current phase 2 7 is initiated, i.e. the welding current I is in- 
creased, at a time 33, i.e. after the starting procedure, in or- 
der to cause the formation of a droplet on the end of the weld- 
ing wire. The welding current I is maintained for a sufficiently 
long time to ensure the detachment of the droplet 32 from the 
welding wire 13. It is, of course, also possible to have the 
droplet 32 detached from the welding wire 13 by a short elevated 
current pulse I. After having completed the pulse current phase 
27 according to time 34, the welding current I is lowered to a 
base value 3 6 in the base current phase 35, thus maintaining the 
electric arc 15. Subsequently, the cold-metal- transfer phase 28 
is initiated after the expiration of a preadjustable period of 



cold-metal-transfer phase 28, the base current phase 35 is pref- 
erably further maintained over a pregiven period of time, where- 
upon a pulse current phase 2 7 is again initiated and a cyclic 
repetition of the two welding process phases is performed. 

The heat balance can be substantially influenced by the com- 
bined welding process phases. This is realized in that the pulse 
energy, in particular the welding current I, is lower during the 
cold-metal-transfer phase 28 than the pulse energy, in particu- 
lar the welding current I, during the pulse current phase 27. In 
detail, a very cold material transition is, thus, obtained dur- 
ing the cold-metal- transfer phase 28, since the droplet detach- 
ment is effected by applying a very low current I necessary only 
to reignite the electric arc 15, so that only little heat is be- 
ing introduced into the workpiece 16. As a result, appropriate 
cooling of the workpiece 16 is feasible to enable the control of 
the heat balance or heat input into the workpiece 16. 

Another exemplary embodiment will be described by way of 
Figs. 6 to 9 . In this welding process, three consecutive pulse 
current phases 2 7 are followed by three consecutive cold-metal - 
transfer phases 28. From this, it is apparent that several iden- 
tical welding process phases of a welding process can be per- 
formed one after the other, whereupon one or several welding 
process phases of a further, different welding process will be 
carried out, said procedure being cyclically repeated. 

Basically, it is also feasible for the control of the heat 
balance to provide automatic switching from a welding process 
phase to another welding process phase by detecting the tempera- 
ture of the workpiece 16 and predetermining a defined heat input 
at the welding apparatus 1, which means that the temperature of 
the workpiece 16 is transmitted to the control device 4 of the 
welding apparatus 1, whereupon the latter decides whether 
switching to the cold-metal- transfer phase is indeed to be ef- 
fected in order to cool the workpiece 16. 

In the exemplary embodiment according to Figs . • 6 to 9, the 
pulse current phase 2 7 is started at time 3 7 by increasing the 
welding current I . Such an increase induces the formation of a 
droplet on the end of the welding wire. After a certain, defined 
time (time 38) , the droplet 32 is detached from the welding wire 
13, the pulse current phase 27 is then over and a base current 



rent I is lowered to a base value 36 in order to maintain the 
electric arc 15. After three consecutive pulse current phases 27 
and base current phases 35, the cold-metal- transfer phase 28 is 
started at time 3 9 and the welding current I is increased by a 
limited extent. The welding wire 13 is then moved in the direc- 
tion towards the workpiece 16 until contacting the same, i.e. 
until creating a short circuit. Droplet detachment is then ef- 
fected in a manner that, during the rearward movement of the 
welding wire 13, i.e. after the occurrence of the short circuit, 
the droplet 3 2 is pulled off from the end of the welding wire 
due to the surface tension of the melt bath, which means that 
the droplet 32 is virtually pulled down from the welding wire 13 
by the rearward movement of the latter. In doing so, it is, of 
course, possible to effect an increase, particularly a pulse- 
like increase, of the welding current I to promote droplet de- 
tachment. After droplet detachment, the welding wire 13 is again 
moved back into its starting position, i.e., as far as to the 
distance 30, whereby an automatic ignition of the electric arc 
15 occurs due to a slight current feed after the detachment of 
the droplet 32 and lifting of the welding wire 13 from the work- 
piece 16, respectively. In this exemplary embodiment, three 
cold-metal-transfer phases 28 follow upon one another as already 
described above, whereby substantially less heat is introduced 
into the workpiece 16 during that period and the heat balance 
can, thus, be influenced during welding. As a result, the work- 
piece 16 is subjected to lower tensions, which will also sub- 
stantially decrease the distortion of the workpiece 16. 

A special configuration of the welding apparatus 1 to be ap- 
plied or adjusted for a welding process comprised of at least 
two different phases is described below by way of Fig. 10. The 
welding apparatus comprises a welding current source or power 
source 2, a control device 4 and a welding torch 10. Via an in- 
put and/or output device 40, the various welding parameters are 
adjustable on the welding apparatus 1 or via a remote control- 
ler. At the input and/or output device 4 0 of the welding appara- 
tus, and/or a remote controller, at least one parameter can be 
selected for the heat balance or the heat input into the work- 
piece to be worked, and/or an adjustment element can be provided 
for the adjustment of the heat balance or the heat input into 
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two welding process phases. The set parameters are transmitted 
to the control device 4 of the welding apparatus 1 for the for- 
mer to control the respective welding process. In the input 
and/or output device 40, the most different parameters for the 
welding process such as, for instance, the welding current I 
and/or the welding voltage U and/or the wire conveying speed V 
and/or a welding parameter for the heat input and/or the mate- 
rial of the workpieces 16 to be welded and/or the material of 
the welding wire 13 and/or the employed welding gas can be set. 
In addition, selection or adjustment elements 46 are provided 
for the adjustment of the parameters of at last two welding 
process phases cyclically alternating during the welding process 
in order to adjust and/or control the heat balance or heat input 
into the workpiece 16 to be worked. The ratio of the welding 
process phases, i.e. the number of pulses of a pulse current 
phase to the number of pulses of a cold-metal-transfer phase 
phase, or the duration of the first welding process phase to the 
second welding process phase, is controlled by adjusting the pa- 
rameters on the welding apparatus 1. A heat-optimized welding 
process is, thus, realized or controlled by the simple adjust- 
ment of known welding parameters. 

The effected adjustments can be read from a display 41. At 
the input and/or output device 4 0 illustrated, adjustments are 
made using selection or adjustment elements 46, 47, 48, which 
may be in the form of keys, rotary switches or potentiometers. 
It is, for instance, feasible to adjust the thickness of the 
welding wire 13 by means of first keys 46, with the respective 
adjustment being indicated on the display 42. By a second array 
of keys 46, for instance, the material of the welding wire 13 
may be selected, and the adjusted material combination will be 
indicated via a display 43. Via a third combination of keys 46, 
the type of the welding process is adjusted by alternating dif- 
ferent welding process phases, which will then be indicated on 
the display 44. Finally, a selection of the heat balance, i.e. 
the heat input into the workpiece 16, is effected via a further 
key combination 46, which selection is shown on the display 45. 
The following cyclically alternating welding process phases can 
be represented on the display 44: pulse current phase and cold- 
metal- transfer phase, short-arc welding phase and cold-metal- 
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welding phase, pulse current phase and spray arc welding phase, 
and pulse current phase and short-arc welding phase. Naturally, 
other combinations of different welding process phases are fea- 
sible. 

By a control button 47, the current intensity I or the weld- 
ing voltage U, the wire advance speed V etc. may, for instance, 
be changed individually. By a further controll button 48, the 
duration of a first welding process phase, e.g. a spray- arc 
welding phase, relative to a second welding process phase, e.g. 
a cold-metal- transfer phase, and/or the number of pulses of a 
pulse current phase prior to the changeover to the cold-metal - 
transfer phase can, for instance, be adjusted. The user is, 
thus, able to fix the duration of the first and second phases of 
the welding process and/or the number of pulses to be performed 
by the respective welding process phase before changing over to 
another welding process phase. The duration and number of pulses 
of the welding process phases having high energy inputs can, 
thus, be freely adjusted prior to the changeover to a phase hav- 
ing a low energy input . 

The adjustment of the heat balance or heat input into the 
workpiece 16 may, however, also be effected in that the user ad- 
justs a conventional welding process and determines the heat 
balance by additionally setting a further parameter like the 
heat input, which is indicated on the display 45 and selectable 
via keys 46. In doing so, the user is able to determine in a 
simple manner by an appropriate selection on the display 45, 
whether, for instance, a low, medium or high heat input is to 
occur so as to cause the control device 4 to perform the respec- 
tive control operation. To this end, suitable data or calcula- 
tion models corresponding to the individual selection options 
are stored to enable automatic setting. 

It is, however, also feasible to, for instance, control the 
desired heat input into the workpiece 16 in percentages by means 
of the control knob 48. The control device 4 controls the ratio 
of the phases having low energy inputs to the phases having high 
energy inputs. The control knob 48 may be provided with an ap- 
propriate scale to allow the user to adjust the heat input by 
simple selection. The control device 4, thus, controls the ratio 
of the welding method having a low energy input to the welding 
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Moreover, the duration of the individual welding phases can 
be controlled at the welding apparatus 1 as a function of the 
welding current intensity I and, in particular, in a manner di- 
rectly proportional to the welding current or the adjusted 
power. This may be effected in that the ratio between the pulse 
current phase 27 and the cold-metal-transfer phase 28 is changed 
by the control device 4 via the control button 4 7 as a function 
of the power or current adjusted at the input and/or output de- 
vice 40. For instance, this is realized in that, with a low 
power adjusted, i.e. at a low current such as, for instance, 
5 OA, and with a welding process comprised of pulse current 
phases and cold-metal -transfer phases, a reduced number of pulse 
current phases 2 7 with high heat inputs are performed relative 
to an increased number of cold-metal-transfer phases 28. Less 
heat is, thus, introduced into the workpiece 16. However, if the 
user increases the power, i.e. the current to, for instance, 
100A, a larger number of pulse current phases 27 will be carried 
out relative to the cold-metal- transfer phases 28, thus intro- 
ducing more heat into the workpiece 16. The ratio of the indi- 
vidual phases of the welding process can be stored in the weld- 
ing apparatus 1 such that the user will only have to adjust the 
power, whereupon the control device 4 will fix the ratio of the 
two alternating welding process phases. 

Another option is to store data for the respective welding 
process in a memory integrated in the welding apparatus 1 so as 
to enable the control device 4 to control the welding method on 
the basis of these data. Thus, only a small number of adjust- 
ments have to be made by the user prior to the welding process, 
the control device 4 then controlling the welding process auto- 
matically. In this case, the heat balance and heat input into 
the workpiece 16 will, in particular, be determined by the se- 
lection of the material for the welding wire 13 and the work- 
pieces 16 to be welded. In this regard, the respective values 
for the most different materials for the welding wire 13 and the 
workpieces 16, respectively, can be stored in the memory such 
that the control device 4 will determine the ratio of the alter- 
nating welding process phases as a function of the selected ma- 
terials. For a welding process for aluminum, for instance, a 
smaller heat input into the workpiece 16 is required than would 
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lower values are stored than for steel . 

It is, of course, also possible to effect the initiation of 
the execution of the cold-metal -transfer phase 28 by specifying 
the number of pulses in the pulse current phase 2 7 or even by 
predetermining or defining a time period, or by applying a trig- 
ger signal . 

It goes without saying that the individual, previously de- 
scribed adjustment options may be combined with one another 
and/or several adjustment options are provided on the welding 
apparatus 1 . 



